Th e re lati ve e ntha lpy of a sa mp le of alpha b e rylliu m nitrid e, Be3 N2, of 95 pe rce nt purit y was prec ise ly mea sured ove r th e te mp e ra ture ra nge 273 to 1173 K us ing a d rop ca lori metri c me th od . C orTec· ti ons we re app li ed fo r th e im puri ti es, a nd th e re s ulting hea t ca pacity-te mpe ra ture fun c tion was re qui re d to jo in ' moothl y th at from rece nt prec ise NBS adi aba tic ca lorim etry wh ic h cove red t he ra nge 20 to 315 K. Th e ent ha lp y, heat ca pa cit y, e ntrop y, a nd Gibbs free-e ne rgy fun c tion were co mp ute d fro m e mpiri ca l fun c ti ons of te mp eratu re a nd ta bula ted from 273 to 1200 K. Key wo rd s : Be ryllium nit ride; d ro p ca lorim e t ry; e nth a lpy d ata ; li ght-e le me nt co mpo und s ; re frac tory c rys ta ls; the rm ody na mi c prope rti es.
Introduction
In a researc h program for the pas t seve ral ye ars at the Nation al Bureau of Standards, th e th e rmod ynami c prope rti es of nume rous li ght-ele me nt compounds have been unde r investigation. One of th e simplest of these compound s, be ryllium nitrid e (Be3N 2), is th e subj ec t of the present paper. Se veral inves tigators [1 , 2, 3)3 have d etermin ed th e structure of the crystalline form which is sta ble at relatively low te mpe ra tures (" alpha") (bcc la tti ce with a D5, or " a nti -Mn2 0 : l" . s tr ucture) . It has bee n re ported to und ergo a ph ase transition a t 1400 °C to a hexago nal s tru cture (" be ta "), it bei ng stated that its conversion to th e alpha form has not been observed [3] . The melting point lies at or ab ove 2000 °C, a nd e ve n at somewhat lowe r te mpe ratures it decomposes reve rsibly to an appreciable exte nt into its ele me nts. Its decomposition equilibrium has rece ntly been studied from 145D to 1650 K by a torsion-effu sion me thod [4] , and th e res ulting value for its he at of form a tion is in ver y good agree me nt with two inde pende nt calorim e tric de termination s of the sam e p ropert y [5, 6] .
The prese nt paper re ports e nthalpy me as urements on (X-Be3N2 ove r th e te mpera ture ra nge 273 to 1173 K. Rece nt precise h eat-capacity meas ure ments at the National Bureau of Sta ndard s from 20 to 315 K [7] define the heat capacity, as well as the enth alpy and 3 Figures in brac kets indi cate th e lite rature references at th e e nd of thi s paper.
entropy relative to 0 K, in the overlap region near room te mpe rature . Anothe r series of low-tempe rature heatcapacity me as ure me nts (25 to 310 K ), whic h are in good agree men t, has bee n re ported [8] . Th e onl y hi gh· te mperat ure e nthalpy meas ure me nts tn a t ha ve bee n re ported a re three whi c h covered th e te mperature range 273 to 773 K [9] .
Sample
Th e sample of ber yllium nitride was pre pared specifi cally for the NBS calorimetric meas ure ments by th e Brush Berylliu m Co. , of Clevel and , Ohi o, by reacting pure nitrogen and beryllium powde r at elevated te mpe ra tures and c rushing the produc t to particle sizes between 0.3 a nd 0. 8 mm . Th e material received was thoroughly mixe d and preserved in an atmosphere of dry argon. A specime nt was s ubjected to x-ray examina tion at th e Bureau, showing only th e c ubic (alpha) fo rm within the detection limits of this me thod .
Anothe r specime n (of about 3.7 g) was weighed into a sample container of 80 Ni-20 Cr for the enthalpy measurements , and was thereafter kept in a desi ccator, or in an atmosphere of dry helium during the measurements. The sample container was deliberately close d not quite gas-tight, in order to allow any che mi c ally bound hydrogen present to escape as wate r vapor or ammonia during heating. The sample mass did in fact fluctuate by several te nth s of a pe rce nt during th e initial 5 hrs of heatin g (at 400 to 600°C), a nd the e n· thalpy meas ure me nts mad e th e n we re di scarded. T hereafte r the mass of the sample re main ed cons tant within a range of about 0.1 percent. Despite the efforts to exclude moisture and oxygen, undoubtedly appreciable hydrolysis and possibly also oxidation of the sample occurred during the initial changes in sample mas s, and therefore the chemical composition on which th e corrections for impurities were based was calculated solely from the analyses of the sample performed after the comple tion of the enthalpy meas ure men ts.
The results of the analyses of the sample, carried out in the Analytical C he mistry Division of the Bureau after the e nthalpy measure ments, are recorded in table 1. Each individual analysis for beryllium and nitrogen was made on an aliquot portion of the sample in solu· tIOn in dilute hvdroch Inri!: acid. the beryllium bein g precipitated by ammonium hydroxide and weighed as BeO , and the nitrogen being determined by the Kjeldahl method with standardization against ammo· nium dihydrogen phosphate. Of the numerous elements searched fo r spectrochemically, only those detected are listed in the table. The heating of the sample to approximately constant weight is believed to have simplified the problem of interpreting its subsequent analysis by allowing the r easo na ble assumption that water and ammonia (even as hydrates or a mmoniates) were absent. The small amounts of foreign metallic elements found were assumed to be present in half the respe ctive maximum amounts indicated in ta ble 1, and, when assumed furthe rmore to be prese nt in the form of their most stable oxides, account for 0.22 weight percent of the sample. The re mainder is assumed to have been co mposed entirely of Be3N2, BeO , and, because of th e method of preparation of the sample, possibly some Be m e tal (or an amount of subnitride or suboxide that would evolve an equal amount of hydrogen when treated with dilute acid). Although the sample was not analyzed for oxygen, the average beryllium and nitrogen analyses in table 1 correspond to definite percentages of Be3N2 and BeO, plus several tenths of a percent of Be metal.
However , it seem s more likely that much less (if any) Be me tal was present. The original sample showed only 0.10 ± 0.01 percent, the sa mple on which the NBS low-te mperature calorime try had been conducted showed only 0.04 ± 0.00 percent, and the small amount of water and possibly oxygen that must have been initially in contact with the specimen used in the present calorimetry would be expecte d to have oxidized most of the se small amounts of the free metal at the ele vated te mperatures. It was therefore assumed that the remaining 99.78 percent of the sample was composed wholly of B e~2 and BeO, and that either the beryllium or the nitrogen analysis (or both) was somewhat in error. This is equivalent to assuming that the true weight percentages of these two elements are related according to %N = 3.8904 X % Be -139.87.
(1)
According to table 1 and the analysis of the original sample, the beryllium analysis was several times as precise as the nitrogen analysis (very possibly because of the much smaller amount of sample used in each Kjeldahl analysis and the greater chance for error from the distillation and titration of this method). One might therefore conclude that the beryllium analysis was more accurate; and, according to eq (1) it would need to be, in order to establish the percentage of Be~2 with a given accuracy. It may be added that the aboveme ntioned analyses of the original sample and the sample that had unde rgone low-te mperature cal· orimetry showed similar discrepa ncies, and consequently afforded no clue to the ambiguity under discussion here.
It 
Enthalpy Measurements
The enthalpy measurements were made using the " drop" me thod , which, as used in this laboratory , is described in detail in a recent publication [10] .
Briefly, the method is as follows. The sample in its co ntainer is suspe nded inside a vertical thick-wall silver pipe in a furnace until it has had time to reach the temperature of the silver. It is then dropped into a Bunse n ice calorimeter, which measures precisely the heat evolved by the sample and container in cooling to 0 °C (273.15 K). In order to account for the enthalpy change of the container itself and the small amount of heat lost from its surface during the drop, a sep arate measurement is made on the e mpty co ntaine r at th e same furnace temperature. In the case of be ryllium nitride, the furnace (i. e., the silver-pipe) te mpe rature was measured by two Pt/Pt-IO percent Rh thermocouples. One of the th ermoco uples was f'alibrated before the enthalpy meas ureme nts by the NBS Pyrome try Laboratory, a nd aft er th e e nthalpy measurements by comparison in th e furnace with another similarly calibrated th ermoco uple. The thermocouple calibration durin g the e nthalpy meas urements changed by less than 0.1 kelvin during the whole series of enthalpy measureme nts.
The heats observed in individual measurements are li s ted (in joules) in the second and third columns of table 3. These values are for the actual sample and co ntainer used, except that corrections have been applied for very s mall unavoidable de partures from the "standard" masses of parts of the containe r , but not fo r impurities in the sample _ For each furnace te mperature th e valu es are giv e n in c hronological orde r, although the differe nt furna ce te mperatures were run in so mewhat ra ndom order. As always with thi s me th od , th e tim es in the furnace adequate for reaching thermal equilibrium were predetermined from preliminary measurements at one temperature with deliberately inadequate times, and checked by choosing substantially different times for each set of duplicate measurements (without detecting any trend of the results with time). The net mean observed enthalpy of the sample at each furnace temperature (relative to that at 0 0c) is given in the fourth column of table 3, and was obtained by converting the difference of the means of the second and third columns to a molar basis. These net molar enthalpies have been corrected for the ·sample impurities (assuming additivity) as given in table 2 , the total correction amounting to very nearly + 0.7 percent at each furnace temperature, on the basis of replacing the impurities by the same mass of beryllium nitride. (The corrections for BeO are based on accurate measurements· on this substance in this laboratory [11] ; the very small corrections for the remaining impurities were made using the adequate assumption that their enthalpy changes over a given temperature interval are the same as for the same number of gram-atoms of Be3N2')
The "calculated" values of enthalpy referred to in the last two columns of table 3 are the smoothed, finally adopted values arrived at as described in section 4.
Derivation of Thermodynamic Functions
The mean "observed" values of the enthalpy of beryllium nitride (table 3, column 4) were smoothed by using them to determine (by the method of least squares, using equal weighting) the linear coefficients of several alternative empirical functions of temperature. The equation adopted is identical with eq (5) below (except with the constant term adjusted to make the function vanish at 273.15 K).
Such a formulation is adequate to represent such monotonic enthalpy values within their uncertainties. But when the relative enthalpy has been measured over temperature intervals no smaller than 100 kelvins, as here, it cannot be relied on to provide accurate interpolation (such as for heat capacity) near the ends of the temperature range covered, owing to the empirical nature of the equation -particularly at the low· temperature end, where the heat capacity-temperature curve of a typical solid shows the greatest curvature, Nevertheless, experience in this laboratory has showQ that for transition-free solids whose enthalpy has been measured relative to 273.15 K, this "end-effect" un" certainty in the heat capacity is usually minor at ane,! above 298 K.
Fortunately, Furukawa and Reilly [7] have recently measured the heat capacity of beryllium nitride from 20 to 315 K, with a precision of ± 0.01 percent between 50 and 300 K. It was decided to adopt in this paper their values for its heat capacity, enthalpy, and entropy from 273.15 to 298.15 K, to adopt the abovementioned enthalpy equation only above 400 K, and to derive a new equation for the interval 298.15 to 400 K. The new enthalpy equation was taken simply as a quartic polynomial in (T-400), with its five constants required to provide continuity in the enthalpy (relative to 0 K) at 298.15 K, and in the heat capacity and its temperature derivative at 298.15 and 400 K. The constant term of the enthalpy equation for use above 400 K was then adjusted so as to provide continuity in the enthalpy at this temperature. It will be noted that the above procedure was not explicitly required to represent the observed enthalpies, but it does so within their precision, as is shown by the last column of table 3_ The nature of the fit, for the three regions of temperature covered by the present investigation, is shown in figure 1 as percentage deviations from the adopted heat capacities. Furukawa and Reilly's maximum deviation (at 315 K) is + 0.15 percent, which constitutes an injustice to their precision, but not to their absolute accuracy, which is limited by some ambiguity in the composition of their sample. The following numerical equations, -which resulted from the above procedure, give the final values of the enthalpy (H), heat capacity (Cp ), and entropy (5) of alpha beryllium nitride adopted in this paper for the temperature interval 298.15 to 1200 K. The enthalpy is relative to that at 0 K, and the entropy is absolute if the value at 0 K is zero (presumably so in the case of beryllium nitride). The units are joules per mole for energy (with 1 mol= 55.050 g), and kelvins (International Practical Temperature Scale of 1968 [13] ) for the absolute temperature T. Obviously Satoh's heat capaCItIes are in good agree· me nt with the present work up to above 300 °C, but the extrapolation of the straight line to considerably higher te mperatures would, of course, lead to large e rrors. (6)] and assigned to the mean te mperature of its interval. The mean deviation of the points from th e c urv e is 0.45 percent. However, the enthalpy, not heat c apacity, was d e termine d experimentally, and "ob· serve d" heat capacity calculated in this way is dependent on the size of the te mperature inte rval of e nthalpy measureme nt , and he nce is only roughly indicative of the expe rim e ntal imprecision.
Satoh [9] used a n ice calorime ter, and reported three measurements of the e nthalpy of be ryllium nitride, [12] to re prese nt these results. 
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The principal sources of systematic error in the present work are the uncertainti es in the sample compo sition and in th e furnace te mperatures. The uncertainty in th e heat capacities derived from the -dro p calorim e try arising from the corrections for sample impurities is es timated as 0.2 percent-equivalent to assuming that the beryllium analysis in table 1 might be correct. The uncertainty in the thermocouple cali· bration was stated to be no greater than 0.5 kelvin , and it is believed that the un certainty in meas urin g furnace temperature introduced a systematic error of less than 0.1 percent into the heat capaciti es. 
